Background: Vaccination against human papillomavirus (HPV) has been part of the Danish Childhood Vaccination Programme (CVP) since 2009 and initially had a high uptake. Following an intense public debate on the alleged side-effects to the vaccine in 2015, coverage rates declined dramatically leaving the current coverage at 54%.
Introduction
Despite the fact that population-based cervical cancer screening is implemented in close to all European Union (EU) member states [1] , each year more than 33,000 women in the EU are diagnosed with cervical cancer and approximately 14,000 die annually of the disease [2] . Infection with human papillomavirus (HPV) is a prerequisite to the development of precancerous lesions. HPV types 16 and 18 are the most carcinogenic [3] , causing 70% of all cervical cancer cases [4] ; thus, vaccination may protect against the development of cervical cancer. The first vaccine against HPV was authorised for European marketing in 2006 [5] . It was tested thoroughly for both efficacy and safety [3, 6, 7] and as of 2018, all EU member states recommend HPV-vaccination [8] .
HPV-vaccination coverage rates vary across the EU; in Scandinavia, HPV vaccination coverage among adolescent girls is generally high with coverage rates ranging from 70.1% in Finland [9] to 81.1% in Norway [10] . At its introduction into the Danish Childhood Vaccination Programme (CVP) in 2009, HPV vaccination coverage rates were close to 93% for initial HPV vaccination [11, 12] . The rates initially fell in 2013, but a significant drop was seen in early 2015. This decline is attributed mainly [13] to an intense public debate following a public service-funded documentary [14] on girls suffering from alleged side-effects. During 2015, the Danish Medicines Agency received almost 150% more claims of serious adverse side-effects to HPV vaccination than in the previous six years combined [15, 16] , even though the fear of sideeffects was unfounded according to scientific literature. Currently, in Denmark the HPV vaccination coverage rate for adolescent girls is 54%; the coverage rate for the remaining CVP is 88% [11] . Thus, a major divide between opting out of HPV-vaccination and the rest of the CVP still exists.
Internationally, aside from efficacy and safety concerns, barriers towards HPV vaccination [17] have been cost, practicality issues, lack of trust in healthcare providers and authorities, and social norms [17] [18] [19] [20] [21] . Many of these factors depend on information sources, and while this has been previously explored in the general population [22] , it has been previously underexplored in mothers, which is of interest as they are often the primary health care decision makers in families [23] [24] [25] .
The primary aim of this study was to identify any differences in the sources of information and factors of value during decisionmaking among mothers who have not had their adolescent daughters vaccinated against HPV compared with mothers who have had their daughters vaccinated. A secondary aim was to analyse if there were any socioeconomic predictors of mothers not having their daughters vaccinated against HPV.
Methods

Setting
Denmark has 5.8 million inhabitants divided into five geographical and administrative regions [26] . The study was conducted in the Central Denmark Region, which comprises more than 1.3 million residents living in both rural and urban areas, and contains Denmark's second largest city, Aarhus (340,000 inhabitants) [26] .
HPV vaccination was introduced in Denmark in 2006 [27] and became part of the free-of-charge CVP on 1 January 2009 for girls born in 1996 and later with time-limited catch-up offers to girls born in the 1985-1995 period [28] . The CVP is managed by the family's general practitioner (GP). All Danish citizens have access to tax-funded universal healthcare.
Study design
This study was conducted as a cross-sectional study using survey and register data.
Study population
As mothers are considered the primary healthcare decisionmakers in families [23] [24] [25] , the study population was defined as mothers of daughters born in 2003 who were residents of the Central Denmark Region throughout the period from 1 January 2015 to 31 December 2016 to ensure that all girls had reached their 13th year of life within the study period. Inclusion into this study was performed irrespective of the girl's vaccination status. Mothers of twins or multiple daughters born in 2003 participated as one entry. Mothers exempted from Digital Post were excluded from the study along with mothers who did not report vaccination status or who had never heard of HPV vaccination (Fig. 1 ). An incomplete survey response was not in itself an exclusion criterion.
Register data
Participants were identified through the Danish Civil Registration System (CRS) [29] . All Danish citizens are registered in the CRS with a unique 10-digit number (CPR-number), which enables individual level data linkage between registries.
Data on socioeconomic variables (educational level, annual income, occupation, ethnicity, civil status and municipal residence) and the mothers' birthdays were obtained through Statistics Denmark's population-based databases. All socioeconomic variables were from late 2016, estimating socioeconomic status at the approximate time of decision-making.
Mothers' birthdays were used to generate their age at the end of 2003, estimating age at parturition. Disposable household income was assessed using Organisation for Economic Cooperation and Development (OECD)-modified equivalence scales [30] , then categorised based on the distribution of the data into tertiles and rounded off to the nearest $100, generating the categories low (<$31,000), middle ($31,000-47,000) and high ($47,000). Area of residence was defined as (1) Densely populated area: at least 50% of the population lives in urban centres), (2) Intermediate density area: less than 50% of the population lives in rural grid cells and less than 50% of the population lives in urban centres), (3) Thinly populated area: more than 50% of the population lives in rural grid cells, according to EUROSTAT's variable DEGURBA (DEGree of URBAnisation) [31, 32] . Employing definitions used by Statistics Denmark, ethnicity was defined as Danish, Western (EU, Andorra, Australia, Canada, Iceland, Liechtenstein, Monaco, New Zealand, Norway, San Marino, Switzerland and the USA) or Non-Western (others). Marital status was categorised as married/ registered partnership, cohabitating or single. Mother's highest attained education was categorised according to the UNESCO's International Standard Classification of Education version 2011 [33] as primary education (primary and lower secondary), secondary education (upper secondary), bachelors' or vocational, or higher academic education (masters, doctoral or further degree). Occupation was grouped into self-employed/chief executive positions, employed, receiving benefits (early retirement, unemployment benefit, education grants, social security and sickness benefits) and others. Unavailable socioeconomic variables were labelled as missing.
2.5. Survey data 2.5.1. Survey development and pilot testing A survey in Danish based on a literature review was developed by the research team. The survey was pilot tested among a convenience sample of 15 consenting mothers of daughters eligible for HPV vaccination who did not form part of the study. Subsequently, they underwent a semi-structured telephone interview individually in order to illuminate areas to improve and include any questions and answers not anticipated following the preliminary literature review.
Survey content
The survey consisted of eight main questions with 37 subquestions. All respondents were to answer all main questions regardless of their response to the sub-questions, which differed depending on the answers to the main questions.
Questions sought to examine the mother's sources of information, from whom and where she sought guidance, which factors the mother valued before deciding upon vaccination, and ultimately whether or not she had her daughter vaccinated at the time of the survey response, regardless of her intention to have her daughter vaccinated at a later time. The response options were either dichotomous ('yes/no', 'positive/negative'), Likert-scaled ('not at all/a little/a good deal/a lot') or categorical with preformulated answers (e.g., 'social media (Facebook, Twitter, Instagram)'). Questions with multiple answer permission were specified as such.
One question had Likert-scaled answers; viz. the question exploring if mothers found particular factors of value for her decision. This question was dichotomised as either ''yes" (answer options ''a little", ''a good deal", ''a lot") or ''no" (answer option ''not at all") before analysis. Questions with multiple answers were dichotomised, and each answer was analysed separately.
Data collection
Individual electronic links to the survey were sent to all participants through e-Boks in March 2018. Reminders were sent out two weeks later. e-Boks is an online email platform used by the Danish authorities and several private and public companies to contact citizens [34] . All Danish citizens are required to register for a digital signature (nemID) in order to access Digital Post through e-Boks. Exemptions from this requirement include disability (mental or physical), inability to access Digital Post (due to practicality issues or language barriers) and no permanent place of residence in Denmark (e.g., homelessness or permanent emigrant status) [35] .
The survey was hosted on the online secure data management tool REDCap (version 7.4.17, Ó Vanderbilt University) [36] , from which data were extrapolated and subsequently linked to register data using CPR-numbers.
Analyses
Pearson's chi-squared test for independence was used to determine differences in socioeconomic distribution between both respondents and non-respondents and between those who accepted and those who declined vaccination. We used univariate logistic regression to assess odds ratios (OR) and 95% confidence intervals (CI), estimating associations between vaccination status and exposure to different variables, including factors of value during decision-making. Vaccination status was thus the independent variable and non-vaccination being the outcome of interest (coded as 1) compared to vaccination (coded 0); therefore, ORs < 1 indicates likelihood of vaccination, whereas ORs > 1 indicates likelihood of non-vaccination. Adjustments were made for all socioeconomic variables using multivariate logistic regression.
All statistical analyses were conducted in Stata/SE 15.1 (StataCorp. 2017. Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC).
Approval
According to Danish legislation and the Central Denmark Region Committees on Biomedical Research Ethics, the study did not require ethical approval as it was based on register and survey data. The study was approved by the Danish Data Protection Agency (2012-58-0006).
Results
A total of 6946 mothers were eligible for inclusion of whom 6814 (98.1%) had access to Digital Post and received an invitation. 3639 (53.4%) mothers replied; of these, 58 (1.6%) had not heard of HPV vaccination and 23 (0.6%) did not report their daughter's vaccination status. The final study population thus counted 3558 mothers of whom 651 (18.3%) had not had their daughters vaccinated (Fig. 1) . Survey respondents were statistically significantly different to non-respondents in all socioeconomic aspects with respondents more likely being older, more well-educated, of Danish ethnicity, employed, married, earning a higher income and residing in thinly populated areas than non-respondents (Table 1) . Among the respondents, mothers who had their daughters vaccinated against HPV were well-educated, employed, married and had a higher income than mothers who did not have their daughters vaccinated, while there were no statistically significant differences in age, ethnicity and residence to mothers who did not have their daughters vaccinated (Table 2) .
Overall, 32.5% (n = 1157) of respondents reported having first heard about HPV vaccination from news media, whereas substantially fewer reported first having heard of it from social media (n = 31, 0.87%) or their GP (n = 374, 10.5%). A total of 932 mothers (26.2%) could not recall where they had first heard about HPV vaccination. A substantially larger proportion of mothers reported having heard about HPV vaccination from TV programmes (n = 2386, 67.1%), news (n = 2586, 72.2%) and social media (n = 1404, 39.5%) at a later point (Table 3) . Statistically significant differences between the information sources reported by mothers who did and mothers who did not have their daughters vaccinated were found (Table 3) . Mothers who had first heard about the vaccine through social media were more likely to decline vaccination than those who had not (OR 2.15, 95% CI 1.00; 4.61), while mothers who had first heard of HPV vaccination from their GP were more likely to vaccinate than those who had not (OR 0.73, 95% CI 0.54; 0.99). Furthermore, there were associations between both a negative first and overall impression and declining vaccination (OR 4.05, 95% CI 3.28; 5.00, and OR 14.9, 95% CI 12.17; 18.16, respectively).
Mothers who were employed/self-employed/executive were more likely to vaccinate compared to mothers outside the labour market (OR 0.66, 95% CI 0.51; 0.84), and mothers who were married/reg. partnership were more likely to vaccinate compared to mothers who were single or cohabitating (OR 0.72, 95% CI 0.60; 0.88) ( Table 4) .
Mothers who actively searched for information about HPV vaccination were more likely to decline vaccination, unless they sought guidance from their GP (OR 0.63, 95% CI 0.50; 0.78), than mothers who did not actively search for information. Mothers who sought information due to distrust in their first information source were more likely not to vaccinate than those who sought information not due to distrust (OR 2.49, 95% CI 1.92; 3.23). Mothers who reported being contacted by their GP had a higher likelihood of declining vaccination than those who reported not being contacted by their GP (OR 1.61, 95% CI 1.34; 1.94). However, those who were recommended HPV vaccination by their GP were more likely to accept vaccination than were mothers whose GP had not recommended vaccination (OR 0.17, 95% CI 0.10; 0.30). Mothers who had previously opted out of the CVP had a much higher likelihood of not vaccinating their daughter (OR 13.0, 95% CI 6.05; 27.95) ( Table 4) .
Mothers who involved their daughter's father in the decisionmaking were more likely to vaccinate their daughters than mothers who decided single-handedly (OR 0.78, 95% CI 0.63; 0.95), whereas mothers who involved their daughters showed a tendency towards declining vaccination compared to mothers who did not involve their daughters (OR 1.16, 95% CI 0.97; 1.34) (Table 4) .
Lastly, mothers who valued their daughter's father's opinion (OR 0.79, 95% CI 0.63; 0.99), information from their GP (OR 0.48, 95% CI 0.39; 0.58) and information from health authorities (OR (Table 5 ).
Discussion
This survey-based cross-sectional study showed that a less favourable socioeconomic status, a negative first impression of the HPV vaccination, valuing social and news media and distrust in information sources were strongly associated with a higher probability of not vaccinating your daughter. Inversely, factors favourable for accepting vaccination were GP recommendation, valuing information from the GP and health authorities and involving the daughter's father. As these results show, mothers turn to the media in search for information when making healthcare decisions, and mothers who decline vaccination value media stories significantly higher than health authorities compared with mothers who accept vaccination.
The population-based study design was a strength, limiting the risk of selection bias. However, the respondents reported an 81.5% HPV vaccination initiation rate with a completion rate of 64.9%, which is higher than national accounts [11] . A recent Danish study on MMR coverage rates [37] showed that official rates are considerably lower than the true rate, indicating that self-reported survey data on vaccination status may have a higher validity than register data in a study population of this size. Thus, the high coverage found in this study may reflect both selection and information bias. Even though respondents had a more favourable socioeconomic status than non-respondents, indicating some selection bias, the differences between mothers respectfully accepted or declined vaccination are not influenced by this.
Information bias was limited by the register-based approach to socioeconomic factors; nevertheless, since the study was retrospective, the survey results may have been influenced by recall bias. Ideally, survey responses should have been collected at the height of the public debate. Additionally, the invitation letter was ambiguous regarding which daughter the survey was designed for in cases where mothers had daughters from different years, presenting another risk of information bias due to the importance of the timing of the public debate in this area of research. Finally, no information on families with male healthcare decision makers, male-male parenthoods or male single parents was obtained.
Contrary to a previous study [38] , this study shows that mothers who involved their daughter's father were much more likely to vaccinate than mothers who did not. Heterosexual men have been shown to have low knowledge of HPV infection [39] , but less is known about fathers' perspectives on HPV vaccination, and further research is needed to identify how fathers respond to information provided by both health authorities and social media. The fact that alleged side-effects can influence vaccine coverage to the extent seen in Denmark is consistent with the paradigm shift seen in the post-factual context of Western society, where the approach to and interpretation of medical evidence is merely perceived as an opinion with which vaccine opposers may choose to disagree [40] .
The State Serum Institute, the organisation in charge of disease and vaccine surveillance in Denmark, began sending out reminders to parents of unvaccinated children in 2014 [41] ; a practice copied by many general practices. Thus, mothers contacted by their GP were most likely mothers of unvaccinated children, which may account for the conflicting finding that mothers contacted by their GP are more likely not to vaccinate, whereas mothers who search for guidance from their GP are more likely to vaccinate.
This study adds to the evidence that the mother's decision regarding her daughter's HPV vaccination is influenced by her beliefs, interaction with both clinicians and family members, and media exposure [42] . Media is rarely transparent, complete or correct when reporting on HPV vaccination [43] , which may be attributed to the fact that media reports on health topics are rarely written by science specialists [44] . Laymen consistently testify that they trust health officers and authorities more than the media [19, 44] ; yet, positive mass media coverage increases the utilisation of specific health services, whereas negative coverage discourages the use of these services regardless of official recommendations [45] . Furthermore, an increase in media debates has been shown to result in a higher level of information seeking and a higher rate of reported side-effects [46] . Additionally, negatively toned posts on social media regarding vaccination are less likely to be scientifically funded than positively toned posts, enabling like-minded individuals to disseminate rather than debate ideas [47] .
Even though mothers primarily get their health information from the media, this study showed no discernible association between difference in information sources and vaccination uptake. Personal factors such as distrust in information sources, and personal relations (exemplified by the importance of GP recommendation, agreeing with the daughter's father and valuing stories of vaccinees) were more important determinants of vaccination than the information sources themselves, indicating that mothers make healthcare decisions based on their own beliefs rather than on knowledge. Similarly, another study showed that media stories about HPV vaccine harms were especially powerful concerning vaccination decline, while there was little evidence to suggest a positive association between vaccination behaviour and stories about the positive effects of vaccination [22] . Mothers who do not vaccinate are not necessarily less informed than mothers who do; they simply place importance upon different information items based on their own personal values. Since a higher socioeconomic status is associated with a higher level of health literacy [48] , socioeconomic differences between mothers may indicate that those who vaccinate are better at sorting through the available information.
The fear of side-effects to HPV vaccination is reminiscent of the MMR controversy 20 years ago, and the MMR legacy still lingers in parents' sub-consciousness when faced with new vaccination decisions [49] . Despite the fact that the producers of the Danish documentary and the broadcast channel have publicly apologised for the wrongful portrayal of the HPV vaccine [50] , coverage is still trailing behind. Contemporary media reports of alleged sideeffects are therefore not only harmful at the time of publication; they leave a lasting impression causing long-term damage to public health.
Conclusions
This study provides evidence that healthcare decision-making is often not a matter of sense but of sensibility, demonstrating that to achieve sufficient coverage and herd immunity, efforts must be made to ensure that mothers facing decision-making can do so on a well-informed and unbiased basis.
Abbreviations
CI: confidence interval, CRS: civil registration system, CVP: childhood vaccination programme, EMA: European Medicines Agency, EU: European Union, GP: general practitioner, HPV: human papillomavirus, MMR: measles-mumps-rubella, OR: odds ratio, SoMe: Social media.
Declaration of interests
None. 
